This paper provides evidences on the effects of unobserved individual heterogeneity on estimated gender pay differentials. Using the European Community Household Panel (ECHP), we present a cross-country comparison of the evolution of unadjusted and adjusted gender pay gaps using both cross-section and panel data estimation techniques. The analysed countries differ greatly with respect to labour market legislation, bargaining practices structure of earnings and female employment rates.. Once adjusting for unobserved heterogeneity, we find a narrowed male-female pay differential, as well as significantly different rates of return on individual characteristics. In particularly, the adjusted wage differential decreases by 7% in Belgium, 14% in Ireland, between 20-30% Germany, Italy, the Netherlands and Spain and of 41% and 54% in the UK and in Denmark respectively.
Introduction
A large number of studies have documented a generalised tendency towards a reduction in the gross gender pay gap in the European countries during the 70s. The following decades nevertheless have produced a more scattered pattern: while some countries have continued to witness a reduction in the gender wage inequalities, others have shown a stationary trend. The gender gap hence remains at an important level, although significant differences across countries may be observed.
Empirical research has pointed out several reasons that may lay behind the dynamic of the pay differential. The factors identified mainly concern labour market mechanisms such as changes in human capital endowments, overall wage structure, wage setting arrangements, as well as legislation on equal opportunities (see e.g. Rosholm and Smith, 1996 , Dolton, O'Neill and Sweetman, 1996 , Blau and Khan, 1997 , Rice, 1999 .
Most pay gap analyses rely on the Oaxaca-Blinder (1973) technique. This method decomposes the gender pay gap into a part due to differences in productive characteristics (education, potential work experience, tenure, etc), and a part shaped by non-productive characteristics (such as gender, race, etc).
Earlier studies have shown that estimating wage equations by Ordinary Least Squares (OLS)
technique may produce biased results due to the heterogeneity bias (see e.g. Hausman and Taylor, 1981) . The heterogeneity bias arise because unobserved characteristics (motivation, ability, etc.) may be correlated with observed individual characteristics (work continuity, education, etc). In particular if motivation is correlated with intermittent labour force participation then estimates of the effects of intermittency might be picking up motivation and not earning power losses caused by intermittency (Moon-Kak and Polachek, 1994) . This issue is crucial for policy purposes, since the estimated rate of return on observed individual characteristics determines the extent of wage discrimination.
Fewer studies, however, have addressed the problem of endogeneity when estimating the gender pay gap. The only exceptions are Cornwell and Rupert (1988) , Baltagi and KhantiAkom (1990) , Moon-Kak and Polachek (1994) and Hansen and Wahlberg (1997) .
Endogeneity occours when one or more explicative variables are not exogenously assigned, but determined by some other characteristics of the individual. A typical example of endogeneity is education. If the latter is not exogenously assigned, but determined by the extent of own abilities and motivation, the estimated rate of return on education will be biased.
The aforementioned studies, however, do not provide international comparison of the gender pay gap adjusted for unobserved heterogeneity and, more importantly, do not attempt to explain through which channels the inclusion of individual heterogeneity affects the gender pay gap in a particular country.
The main purposes of this paper is to estimate the adjusted gender pay gap over time for 8
European countries, to analyse the effect of incorporating unobserved heterogeneity, and finally to evaluated the impact of changes in individual characteristics on the evolution of the pay differential.
In this paper we estimate the adjusted gender pay gap with the Oaxaca (1973) decomposition technique. We also use the panel data estimator proposed by Hausman and Taylor (1981) .
This estimator is preferred to the traditionally within-group fixed effect estimators because it avoids a well-known drawback of the within estimators, namely that all time-invariant variables are eliminated by the data transformation -which implies that their coefficients cannot be estimated -and that the estimator is not fully efficient .
As far as we know, this study is the only one to use recent European panel datasets to present a comparison of the (un)adjusted gender wage gap overtime estimated with both crosssectional and panel-data econometric techniques. Our results confirm the common findings of previous studies. Gender pay differentials are higher in more liberal economies and in economies providing lower supports for female employment (UK, Ireland, Germany and Spain). Although Italy and Spain are usually clustered together in the Mediterranean typology, these countries differ in the extent of their gender pay differential. Italy presents a smaller pay gap, probably owing to its concentrate wage structure and a high level of public supports for female employment (see Gornick et al, 1997 and Rice 1999 , Blau and Khan, 1996 .
Adjusting for individual heterogeneity, we find an increase in the rates of return of potential experience and education for both men and women. In addition, compared to the reference category, the wage differentials due to subordinate occupations, determined spell contracts and relatively small enterprise size decreases. Furthermore, in accordance with the previous national studies, we observe a decrease of the adjusted wage differential. We observe that the decrease is related to the gender differences in our endogenous variables i.e. education and to a lesser extent to work experience. This fall ranges from 7% in Belgium to 41% and 54% in UK and Denmark respectively. Finally, our results suggest that the narrowing of pay differentials between men and women goes with a convergence of observed productive characteristics between men and women in all countries.
The remainder of the paper is structured as follows. Section 1 describes our data. Section 2 presents national studies on gender wage gap, section 3 and 4 present the estimation methods and the results and section 5 concludes.
Data and Descriptive statistics
The European Community Household Panel Study (ECHP) is a convenient dataset for estimating panel regressions. The data gathering has been planned for 9 years and started in 1994. In that year, the survey was conducted in 12 member states and collected information on a representative sample of 60.500 households, corresponding to 170.000 individuals. Since then, Austria (1995 ), Finland (1996 and Sweden (1997) Gornick et al (1997) these countries differ according to their level of public support to childcare arrangements, maternity and parental leave provision. High support is encountered in Denmark and Belgium, medium support in West-Germany, Italy and The Netherlands and low support in Ireland, Spain and UnitedKingdom.
The selected sub-sample sample consists in individuals aged between 20 and 60 years, who are employed in the private sector, are not self-employed and work more than 30 hours per week. The above restrictions lead to a sub-sample of 9,251 observations (1,905 individuals) in Belgium to 26, 444 in Germany (5, 430) . The sample is unbalanced. In Belgium, about 36% of individuals remain in the sub-sample the 8 years. This rate falls to 33% in Germany and about 30% in UK, Italy and Denmark.
The earning measure used in this analysis is the logarithm of the gross deflated hourly wage.
The explanatory variables correspond to employees working conditions and, worker and employee's characteristics. We have included the level of education, the potential work experience 1 (in level, squared), the firm size (small, medium and large) 2 ), dummy variables for the occupations (1-digit) and the employment contract (fixed term or permanent contract).
The descriptive statistics (see Appendix1) show that on general women in pay employment are better educated than men. On the opposite, female work experience is largely lower than that of men. This difference is partly explained by the average lower age of women relative to men, but also by different life-cycle employment strategies. Women are also more numerous in subordinate occupations, as clerk or services workers, in small and medium size firm and also more to be employed with fixed-term employment contract.
In 1994, the unadjusted gender pay differential was highest in the UK (31.9%), in Ireland (27.6%) and in the Netherlands (26.0%) and smallest in Denmark (14.4%) and Italy (15.9%).
In 2001, the UK still showed the most important gender pay differentials (26.2%). While Spain (23.3%) and Germany (22.5%) stagnated at a level close to that of the beginning of the period. Always in 2001, Belgium presented the smallest gender pay gap (14.3%). Noteworthy is the case of Denmark, which shows a slight increase in the gender pay differential. The largest reduction is observed in Ireland (-32%) and in the UK and Netherlands (-18% and -17% respectively). This ranking is in accordance with most studies using ECHP in the literature and analysing gender pay gaps in EU (Rice, 1999; Beblo et al, 2003; Rubery et al., 2003; Plasman et al, 2004) .
1 The work experience is computed as follows: age minus age when the individual has started his/her working life 2 The small firms have less than 20 employees; the medium firm have between 20-100 employees and the large firms more than 100 employees. (Rice, 1999) . According to Beblo et al. (2000) , the typical female employment record (maternity break followed by part-time employment), results in a substantial lower wage rate.
Kunze (2002) has showed the importance of the gender-biased effect of work interruptions is in disfavour of women.
The study by Harkness (1996) finds that the reduction of discrimination played a stronger role than the progressive convergence of human capital (see also Blackaby et al, 1997) in the evolution of the British gender pay gap. On the opposite, the study by Joshi and Paci (1998) demonstrates that more than the equal opportunity legislation, the main reason for the reduction of the British gap since mid-1970s is women catching up with men in measures of human capital (see also Dolton et al, 1996 ). Finally, the high level of wage inequalities in UK explains an important part of the pay gap (Blau and Khan, 1996) .
According to Barrett et al. (2000) the Irish adjusted pay gap narrowed significantly between 1987 and 1997. The shift in the wage structure towards greater vertical inequality partly explains why this fall off in the "discrimination" component was not paralleled to a similar reduction of the unadjusted gender pay gap. Further, a significant part of the pay gap seems to be attributable to gender differences in length of work experience and absences from the labour market (Russell et al., 2002) .
According to Villa (2002) , the Italian gender wage gap has decreased between 1985-1996.
Wage inequalities has decreased between late 1970s and 1980s and has remained quite constant in the rest of the decade (Brandolini, Cipollone and Sestito, 2001 ). On ne comprend pas bien s'il a augmenté au diminué? Y a-t-il une incohérence entre les deux études ?
The Spanish gender pay gap has narrowed during the 1980s and 1990s. A substantial part of this differential is due to differences in returns to observable characteristics (Ugidos, A., 1997; Molto, 2002) . Further, according to Molto (2002) , the gender gap is also particularly influenced by the over-representation of women on the lower earnings steps. Qu'est-ce que tu intends pour steps? Cela n'est pas assai claire…
In the Netherlands, overall wage inequality has risen both in the 1980s and the 1990s due to the increasing return to skills. At the same time the wage differential between men and women has remained fairly constant (Plantenga et al 2002) .
Finally, the study of Plasman and Sissoko (2002) indicates that Belgium has experienced a decrease in its gender pay differential during 1980s and 1990s and presents nowadays a relatively narrowed pay gap. This is mainly due to its wage structure: the traditionally high levels of guarantee minimum income and guarantee minimum wage (introduced in 1974 and 1975 respectively) and a centralised wage bargaining system produce a relatively concentrated wage dispersion.
Estimation Method

Wage Equations
The wage equations have been estimated taking into account both labour supply characteristics (chiefly human capital variables such as level of education or potential prior work experience) and labour demand characteristics (namely the occupations, size of the establishments, the contract type). We have estimated wage equations with ordinary least squares (OLS) on cross-section samples (1994 and 2001) and with the Hausman and Taylor (1981) estimation method on the pooled sample.
We assume that wages are determined according to the following equation (Mincer, 19…) :
where i = 1, …, N indexes individuals and t = 1, …, T indexes time periods, ln W it (the logarithm of hourly wage) is the dependant variable, X it represents the time-varying regressors, Z i is the matrix of the time-invariant regressors, α i is the unobserved heterogeneity term. It is supposed time-invariant and individual specific. In fact, it measures the effects of unobserved characteristics such as ability, motivation, ambition or efforts on wages, which may vary between individuals but remain constant in time. It is assumed to have zero mean and constant variance σ² α conditional on X and Z. Failure to take into account this heterogeneity term will lead to correlation between the error terms of same individuals.
Following Hausman Taylor we may divide X it and Z it : X it =(X 1it , X 2it ) and Zit=(Z 1it , Z 2it ), with X 2it and Z 2it being correlated with the unobserved heterogeneity term. . ε it is the error term measuring the effects of unobserved variables that vary both across individuals and over time.
It is supposed to be not correlated with X, Z and α i , and distributed with mean zero and constant variance (σ² ε) .
As far as the pooled sample estimations are concerned, we know that if α i is correlated with X and Z, Ordinary Least Squares (OLS) and Generalized Least Squares (GLS) estimation methods would yield biased and inconsistent estimates of the parameters. The fixed effects (within-group fixed effect, FE) model overcomes this problem by eliminating the individual effect in the sample and transforming the data with either a first-difference or a meandeviation operator. Resulting estimators are unbiased, but important information concerning time-invariant characteristics (e.g. education, sex) is lost, provoking a loss of efficiency. The IV/GLS estimation technique applied in this study bias are both unbiased and more efficient than the fixed effects estimator.
Following Rosholm and Smith (1996) , the estimation procedure is as follows. First a fixed effects model is applied:
where
In a second step, the mean individual residuals are computed using the estimators obtained in the fixed effects equation:
These residuals are then regressed on time-invariant characteristics ("between effect model").
If the Z i variables are correlated with the unobserved error term, the estimation method suggested by Hausman and Taylor involving instrumental variables must be employed 3 .
In the third step, the estimates of the variances obtained in the preceding regressions will be used in order to calculate the weights for the final GLS estimation.
Finally, after having computed the individual weights, it is possible to estimate the following GLS equation:
Cross-section and Panel Data Decompositions
We use the standard Oaxaca (1973) 
In the latter equation, the first term represents the explained part: the differences between men and women in individual characteristics, x. The second term gives the residual part. This last term regroups the unobserved characteristic differences and the differentials in return for equal characteristics between men and women.
As far as the analyse of the impact of changes in productive characteristics between men and women is concerned, following Rosholm and Smith (1996) , we compare the explained part of We have also tested the significance of the components of the wage decomposition using Oaxaca and Ransom techniques (1998) . Since the elements of the decomposition are nonlinear functions of the estimated coefficients of the semi-log wage equations, these authors propose the so called "delta method" for estimating the asymptotic standard errors of these latter differentials 4 ..
Results
The wage equations
We obtain wage equations for the whole sample as well as separated equations by gender Our separated wage equation by gender for 1994 and 2001 are in accordance with previous studies using ECHP data (Rice, 1999; Rückert, 1997; Plasman et al., 2002) . Estimated coefficients of education variables confirm the strong positive effect of education upon wage.
Whatever the level, men are better remunerated than women for their level of education. The wage equations also confirm the positive influence of experience upon wages. null hypothesis of no correlation with the heterogeneity term, with this specification. We have checked the sensitivity of our results to an alternative choice of the exogenous variable (X 1 ).
Appendix 2 also present the wage equations for education and experience (level and squared)
as the endogenous variables 9 . Once again, the Hausman test does not reject the null hypothesis and the test statistics are even lower than with the first specification. Furthermore, globally, IV/GLS estimates treating both education and experience as endogenous are very similar to within-groups estimates.
Cross-section decomposition over time
We analyse the evolution of the gender pay gap over time using OLS estimates of wage equations of 1994 and 2004. As mentioned above, a standard Oaxaca decomposition identifies an explained and a residual part of the wage differential. The former represents the gender differences in observed characteristics and the latter is constituted by the gender differences in observed characteristic prices and by the difference in the constant between men and women.
The explained and residual components are significant at 1% for all countries under study. 
, which is distributed as a chisquared where the degree of freedom corresponds to the number of instruments used minus the number of timeinvariant regressors instrumented 9 X1= (dummy variables for occupation, the firm size and the employment contract) goes with a decrease of gender differences in productivity characteristics in all countries. This also indicates that the increase in the Danish pay gap is not due to a deterioration of female characteristics (see also Rosholm and Smith, 1996) . The effect of the improvement of the Irish female is noteworthy (see also Barrett et al.,2000) . 
The effects of accounting for individual heterogeneity on the adjusted gender pay gap
We now turn to the impact of individual heterogeneity on the adjusted gender pay gap. Let us compare the results of the adjusted gender pay gap obtained with OLS, GLS and IV/GLS estimations on the pooled sample. first observe that even when we control for unobserved heterogeneity the gender pay gap remains in all countries. Furthermore, individual heterogeneity seems to pay a significant role in shaping the gap and taking this element into account produces a different raking of countries: Denmark, the Netherlands and UK are now the three countries with the lowest gender pay gap. Belgium looses its second place and gets the fifth and finally Ireland -and not the UK -records the highest pay differential.
What can explain this shift?
We see that the results are influenced by the choice of the endogenous variables. In this paper, we have chosen to take the number of years of schooling as well as that of experience as endogenous variables. Controlling for unobserved heterogeneity with the Hausman-Taylor (1981) procedure avoids the endogeneity bias. In particular, the returns on education and experience increase for both men and women with respect to the OLS estimators. We note that the extent of the reduction of the adjusted pay gap is close to the ranking of countries according to their gender differences in years of schooling and to a lesser extend to their gender differences in years of experience. The table 4 shows that the impact on the adjusted gender pay gap of taking education and experience as endogenous variable increases with the level of differences in education between men and women for all country, except for Spain. In this latter country gender differences in experience seem to play a more important role than the differences in education. This suggests that the fewer women are relatively endowed for these characteristics (or the more they are endowed) the more (the fewer) unobserved characteristics play a negative role on the gender pay gap. Finally, we have estimated the impact of controlling for individual heterogeneity on the gender pay gap. As the other national studies, our results indicate that taking this element into account reduces the adjusted pay gap significantly: from 7% in Belgium to 41% and 54% in UK and Denmark respectively. Therefore, the original ranking of the countries is modified.
Moreover, adjusting for individual heterogeneity produce an increase of the rates of the return of experience and education as well as a reduction of penalty due to low skilled occupations, fixed employment contract and relatively small enterprise size for both men and women.
These results suggest that unobserved heterogeneity (as motivation, ability, etc.) are in disfavour of women. Therefore, controlling for this element reduces the residual part of the pay gap. Furthermore, we observe a link between the level of reduction of the adjusted pay gap and the ranking of countries according to their gender differences in education and experience. These observed characteristics are actually correlated with the unobserved heterogeneity, which biases the OLS estimates.
Finally, our results show that the gender pay gap remains even after controlling for productive individual characteristics and unobserved individual effect. A direct policy recommendation would be to tackle gender differences in productive characteristics. This would reduce the gap due to differences in observed characteristics as well as that relative to the unobserved effect as far as both effects are correlated. 
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